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Single-particle tracking (SPT)
methods image and/or record the
movement of individual proteins or
other targets of interest and therefore
can be used to gain important informa-
tion about dynamics that may be lost in
an ensemble imaging technique. Typi-
cally, SPT is carried out using a wide-
field microscope system. A particular
portion of the sample is maintained in
focus and a time series of images is
collected. Isolated, individual fluores-
cent or scattering tags that are bound
to the target of interest are localized us-
ing the image data and their positions
linked to form trajectories.
This approach works well when im-
aging targets that are restricted to a vol-
ume within ~1 mm from the focal plane
(for example, imaging movement on
a membrane close to a coverslip).
However, when movement has a com-
ponent of motion in the direction of
the optical axis, the target of interest
will be lost if it moves too far away
from the focal plane of the objective.
This makes it difficult to study the dy-
namics of proteins that have movement
over the whole volume of a cell.
To overcome this limitation, Ram
et al. (1) have developed a method that
is capable of simultaneously imaging
and tracking the movements of cellular
targets across the entire depth of a cell.
The approach, which is an extension of
previous work that developed accurate
three-dimensional SPT methods (2),
uses a wide-field microscope setuphttp://dx.doi.org/10.1016/j.bpj.2012.08.065
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series of beam splitters divides the fluo-
rescence emission light into four paths.
The light from each path is focused onto
a camera with a unique distance from
the microscope tube lens. The effect is
that each camera sees a different focal
plane within the sample. The cameras
are arranged such that the four focal
planes are spaced ~2 mm apart and
therefore provide coverage over a depth
of 10 mm—the entire depth of the epi-
thelial cells under study.
Although several other techniques
have been developed for SPT in
three dimensions (3–6) with various
strengths and weaknesses, there are
two important advantages to the ap-
proach developed by Ram et al. that
are relevant for their studies:1) Due to
the wide-field, whole-cell nature of the
multiple focal plane collection, many
targets can be tracked simultaneously.
This has the benefit that if rare events
occur, they are always contained in the
data and can be analyzed after data col-
lection. 2) Multiple colors can be easily
imaged during the course of the experi-
ment, and, therefore, the additional
colors can be used to give cellular con-
text to the observedmotion of the target.
The advanced three-dimensional
SPT capabilities resulted in an unex-
pected discovery. While studying the
transferrin (Tf) receptor endocytosis
pathway in epithelial cell monolayers,
Ram et al. observed the rapid transfer
of Tf molecules between two adjacent
cells. By imaging both the membrane,
labeled with a green marker, and Tf, la-
beled with a red-emitting quantum dot,
they observed that an internalized Tf
molecule would sometimes undergo
directed motion to the lateral mem-
brane, exocytosis from one cell fol-
lowed by rapid (<1 s) endocytosis
into an adjacent cell, and then further
directed movement in the cytoplasm
of the second cell.
This rapid intercellular transfer has
not been previously reported to our
knowledge, and may have an important
role to play in retaining protein or reg-
ulating intercellular transfer. The studyalso revealed two types of directed
movement, either movement perpen-
dicular to the membrane or along the
membrane, which the authors call or-
thogonal and sliding modes, respec-
tively. The mechanisms of this
intercellular process still require eluci-
dation, but initial evidence suggests
that intercellular transfer may be cla-
thrin-mediated.
Without the newly developed multi-
focal plane approach, these events
would have been very difficult to cap-
ture or, very likely, would have gone
unnoticed. This work is a great exam-
ple of how the development of new
technology, particularly in the realm
of imaging, can lead not only to im-
proved measurements but also to the
observation and discovery of previ-
ously unknown phenomena.
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